We have demonstrated in Saccharomyces cerevisiae the transposition of a gene coding for an efficient ochre (UAA) suppressor from a centromere-linked site on chromosome III to two new sites in the yeast genome. One site is on chromosome VI, very close to, if not allelic with, SUP)), one of eight genes coding for a tyrosine-inserting suppressor. The second site is on chromosome III, unlinked to the centromere and distal to the mating type locus. This site is very close to those mapped for the recessive lethal amber suppressors, SUP-RL1 and SUP61.
Gene transposition is a term that has been used to describe the phenomenon of gene movement as observed in the genomes of Zea mays (1) (2) (3) , Drosophila melanogaster (4, 5) , bacteria and their plasmids (6) (7) (8) (9) (10) (11) (12) (16) (17) (18) (19) (20) , and temperate bacteriophages (13) (14) (15) (16) . For the purpose of this paper, we will define transposition as the movement of a gene from one locus on the yeast chromosomal complement to another, without regard to mechanism.
Transposable elements in maize were first described by McClintock (1) and Brink and Nilan (2) . These elements appear to modulate the expression of specific genetic information by repressing the action of adjacent genes (1) (2) (3) . In D. melanogaster, spontaneous transposition of a controlling element from a location on the X chromosome to a new site on an autosome was reported by Green (4) . The controlling element is integrated at the site of the white-crimson eye color gene, Wc (5) , and when transposed, carries along a portion of the WC gene (4) .
In prokaryotic systems, the term transposition has been applied to both specific and nonspecific insertions of DNA from one genome into another or from one genetic locus into another. The transposition of the lac region of the Escherichia coli chromosome to other sites on the chromosome via an Flac episome intermediate has been reported by -several authors (6) (7) (8) (9) . Analogous transpositions involving the arabinose operon have also been reported (10) . Insertion of DNA segments of R factors (antibiotic resistant plasmids) into other plasmids (11, 12) and into bacteriophage X (13) has also been demonstrated. Other insertions include those of the mutator phage, Mu, into the E. coli K12 chromosome (14) , those of an altered phage P22 into the Salmonella typhimurium chromosome (15) , and those of the insertion sequences (IS) into E. coli (16) , plasmid (17) (18) (19) , and bacteriophage X (16) genomes. Saedler et al. (20) Gorman and Bock GB502-25B a ade2-1 lysl-1 tyr7-1 Gorman and Bock GB502-30A a ura3-0 ade2-1 lysl-1 trpl-1
Gorman and Bock Table 1. centromere [Y] and the frequency of tetratype asci [T] are known:
The results of the application of this equation to the data in Table 2A are given in Table 2B (26) , and such interference would result in the decrease of this frequency; chromatid interference has been observed in yeast only rarely (26) 6 17 Unlinked a/a-his2 6 7 22 Unlinked Segregant genotypes were determined (see Experimental Procedures), and the ascus types for the appropriate marker pairs noted. Map distances were calculated from the equation d = 100 (6NPD + T)/2(PD + NPD + 7). The a/a-his2 marker pair is a control that demonstrates non-linkage of a/a to his2. * This figure reduces to 18 cM with the statistical elimination of one NPD ascus (see Results).
Genetics: Laten et al. See Table 3 for description of methods. The a/a-leu2 marker pair is a control that demonstrates the expected linkage of a/a to leu2.
* Because the leu2 marker was suppressible, the genotypes of the segregants with respect to leu2 could not be determined in four out of the 36 asci. Two of these asci were either PD or T with respect to the a/a-leu2 marker pair and the other two were either T or NPD. Backcrosses necessary to determine the ascus types of these four asci were not made.
This finding, however, is not consistent with the data presented in Table 2B (21) . That the frequency of mutation under the conditions of this mutagenesis was not abnormally high is evident from the observation that, among 97 canavanine-resistant revertants of GB700:2 1-16, none of the four point mutations, ade2-1, his5-2, lysi-1, and trp5-48 had reverted, there were no additional mutations (other than suppressible ochre mutations) in these loci, nor were there any additional nonsuppressible conditional lethal mutations in any of the several enzymes involved in the synthesis of adenine, histidine, lysine, tryptophan, or leucine (unpublished results). These observations together with independent observations of the stability of the SUPI 16 gene, make it clear that an unreasonably high frequency of mutation for both the reversion of SUPI 16 and the creation of SUPX would be required to generate the observed six out of 20 strains in which the suppressor is at a new locus. Thus, the preferred interpretation is that of gene transposition at a high frequency, reminiscent of the observations of high frequencies of transposition in maize.
In this study, we have not attempted to answer the question of whether or not the observed transpositions are site specific.
However, the site mapped for SUPir311 places it very close to the SUPlJ locus, one of eight genes that code for a tyrosineinserting suppressor in S. cerevlsiae (21-23, 27, 28) . In addition, our finding of a second division segregation frequency of 0.06 for SUP ?.31 is identical to that reported for SUPI I by Haw- thorne and Mortimer (22) . Whether SUPII and SUP'r36 are at the same locus remains unclear.
SUP-62 is on chromosome III distal to the mating type locus.
A gene coding for the recessive lethal amber suppressor, SUP-RL1 (29) , has been found to map between the thr4 and MAL2 loci, 30 cM distal to a/a (30) . SUP61, also a recessive lethal amber suppressor, maps 39 cM distal to a/a (31), and may be identical to SUP-RL1. SUPuJ361 maps 37 cM distal to a/a (see Table 4 ) and could be at the same locus as either SUP-RL1 or SUP61. The contrasting characteristics of the mutations make it unlikely that S UPI 16 and SUP-RLI or SUP61 are lesions in identical genes. However, both these genes probably encode tRNAs and could exhibit a significant amount of sequence homology. Gesteland et al. (32) have demonstrated that two of the eight genes coding for the tyrosine-inserting suppressors SUP4 and SUP6, and the gene coding for SUP-RL1 code for tRNAs. In addition, Capecchi et al. (33) have shown that the tyrosine-inserting suppressor SUP7 and the serine inserter, SUQ5, also code for tRNAs. The sequence homologies that exist between tRNA species and the apparent redundancy of tRNATYr in S. cerevtsiae may be significant in the mechanism of the observed transpositions. This possibility is currently being investigated.
Note Added in Proof. By using the Poisson distribution, the expected frequency of NPD asci for the his2-SUPr3l marker pair is 0.005. The probability given as 0.03 in the text should be 0.01.
